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Slide 1 - Fluid and electrolyte issues 

* Fluid & electrolytes, basics of ICU, nutrition, and 
myonephropathic syndrome address some of the 
common reasons why patients end up in the ICU 
and some the principle you can use as a junior 
doctor to pick up all the problems and deal with 
them before the patient is so sick that they need 
to be admitted to an ICU 


Claude Bernard : “The milieu intérieur” 
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Slide 2 - Claude Bernard 

* Was a physiologist of a few centuries ago and he 
described the concept of “the milieu interieur” 

* that part of the body where the fluid and 
electrolytes had to be in a balance for the body to 
work optimally physiologically 

*We look at 3 aspects: oxygenation, perfusion and 
inflammation 

*and in all of these (above mentioned 3) the fluid 
and electrolytes are involved because the fluids 
carry red cells which help to oxygenate and 
perfuse and if the numbers go out of sync the 
inflammation process occurs which is not 
beneficial 
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Total Body Water (TBW) = 60% of weight = 42 litres 
Intracellular Fluid (ICF) = 2/3 of TBW = 28 litres 
Extracellular Fluid (ECF) = 1/3 of TBW = 14 litres 
Interstitial Fluid (ISF) = % of ECF = 10 litres 
Intravascular Fluid (IVF) = % of ECF 4 litres 


*Keep in mind however that most of our body, 
approximately 70% thereof is made up of liquid of 
which 60% is body water and 10% cells suspended 
in the liquid 

*The capillary membrane that we know as the 
endothelial single cell layer is not a flat cell - It 
actually has a hairy brush boarder illustrated on 
the image on the left - That is known as the 
glycocalyx [JWhen it is damaged, inflammation 
occurs, when inflammation occurs fluid shifts and 
oedema occurs and electrolyte imbalances results 


Acute Electrolyte Disorders 


Significant problems are unusual in the absence of cardiac, renal, hepatic 
dysfunction 


If baseline values available the cause is usually discernible 
If baseline values are not available the diagnosis may be difficult 
Many abnormalities are preventable 


Principles of management: 


Don’t believe all you read 

Assess the clinical situation carefully 

Systems react to of change level 

Volume status and tissue perfusion assumes priority 
pH: K+ : Catt assume second priority 

Mg** : Na* : CI: assume third priority 

Correct half and reassess 


Slide 4-acute electrolytes disorders 
*Importantly the issue with the electrolyte 
disorders is NOT how much the change is BUT the 
rate of change that’s important 

*additionally electrolyte disorders affect the pH, 
thereafter acid-base is important in understanding 
the management of these electrolyte disorders 
*there are 5 electrolytes concerned with, the 
major ones being Na/sodium and K/Potassium 
*and K+/Ca+ balance for cardiac function 

*and K+/Na+ balance for the rest of the body 
*and Mg++, and to a certain extent phosphate in 
the context of muscle function 
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Slide 5- fluid packaging, “these are drugs use 
them carefully” 

*the reason it is important is because fluid contain 
electrolytes and therefore you need to know about 
electrolyte imbalances to be able to correct them 
using the appropriate IV/ intravenous medications 


*these fluids are drug, so you do have to use them 
carefully and for that reason we recommend that 
you half correct rather than fully correct any 
deficit, at least initially 


Prevention is better than cure 


Daily fluid requirements: 


Insensible = evaporation 200-400ml/24 hours : exhaled breath 400- 
800ml/24 hours 

Sensible (sweating + fever) = 1 — 3 litres/24 hours (0.3% saline) 
Renal loss = 800 — 1500 ml/24 hours 


Gl tract : sweating : fever 


NB: Fluids are DRUGS and must be administered with care and attention 


Slide 6- prevention is better than cure 
*To avoid this problem in the first place one has to 
be able to prevent fluid and electrolyte imbalances 


*for this it is important to understand what the 
daily needs of the average adult 

* the basic needs water wise is 30 to 35ml/kg body 
weight for 24 hours and this is to replace the 
insensible losses in evaporation, exhaled breath 
and so on, as well as any sensible losses from 
Sweating and fever which can amount to 1 to 3 
litres in a 24 hour period 

*so it is important to understand that the 
additional losses from GI tract pathology, because 
dealing often with surgical patients and other 
prior deficits need to be adjusted as well 


The Metabolic Response to Injury 


“An injury such as the dislocation of an ankle may produce as great a disturbance of 
metabolism as the splintering of both bones of a leg”. 


David Paton Cuthbertson 1932 


Stress hormones 
Hyperglycaemia 
Insulin resistance 
| urine output 


1 temperature 
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Slide 7- the metabolic response to injury 

* when the patient is not well they undergo a 
metabolic response to injury and inflammation 

* during the EBB phase there is an increase in 
temperature, some weight loss, and there is as a 
result of protein turnover, a drop in the reaction of 
the body to other elements 

*whereas during the FLOW phase the stress 
hormones are released, hyperglycaemia occurs 
which is usually between 4 to 6 hours post injury/ 
inflammation, insulin resistance occurs and there 
will be a drop in the urine output - ALL of which 
indicates that the patient is under-perfusing and 
leading to anaerobic metabolism 


Which Fluids? 


Surgical Ethics in Ayurveda 


“The best treatment of any lost substance is replacement by an identical expander”. 
Sustra Samitha circa 700BC Part IV Operative Ethics 


First 24 hours — Ringer's Lactate (no carbohydrate) 
Second 24 hours — Maintelyte (E2) + enteral feeding (ERAS) 
Thereafter — Enteral feeding 


Gastric loss — Normal saline (0.9%) + potassium 
Small bowel losses — Ringer’s Lactate (Plasmalyte) 
Large bowel losses’ — Ringer’s Lactate (Plasmalyte) 


*For this reason it is important to understand 
what electrolytes and fluids contain such that 
when you administer fluids to a patient or 
resuscitation or maintenance that you give them 
the correct fluids 

* in the first 24 hours post-acute admission 
ringers lactate or BALSOL or modified ringers 
lactate, plasmolyte B (all very similar in content) 
are appropriate resuscitation fluids - they contain 
NO carbohydrate because the patient cannot 
metabolism carbohydrate at this time and often 
has insulin resistance 

*after resuscitation in the second 24 hours and 
thereafter a maintenance solution such as 
maintelyte, electrolyte number 2 also called E2 is 
recommended as it contains 5-10% dextrose water 
PLUS the electrolyte content are in the 
replacement values 

*ringer’s lactate can be given as a bolus rapidly 
because contains electrolytes very similar to 
plasma 

*whilst maintelyte and E2 (similar fluids) contain 
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SIGGAARD-ANDERSEN ACID-BASE CHART 
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Slide 9- siggard-anderson acid-base chart - 
Acid-Base & the interpretation of a blood gas 
*this picture in front of you is the siggard- 
anderson chart 

*We have simplify how we interpret blood gases 
for the simple reason that it is important to be 
able to know what is happening with your patient 
and make the right treatment strategies to 
manage these problems 
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Arterial Blood Gases 


pH 
PaCO, 
PaO, 
Hb 


TCO, 
aHCO, 
sHCO, 
ABE 

SBE 

O, content 


“7 puissance Hydrogen” 

partial pressure of CO, (dissolved CO3) \ Directly measured 
partial pressure of O, (dissolved O,) 

oximetry 


total CO, (CO, + HCO, +H,CO,) 

actual bicarbonate 

standard bicarbonate (HCO, corrected for CO,) 
actual base excess 

standard base excess (corrected for CO) 

Hb x 1.34 


Slide 10-arterial blood gases 

*arterial blood gases are measured through an 
arterial blood gas analyser (some are measured 
directly, some of the results are calculated or 
derived) 

*initially the PH which is a log value of the 
amount of hydrogen, the “7 puissance hydrogen” 
* the paCO2, paO2 and Hb are directly measured 
* the TCO2, the bicarb (aHCO3), the standard 
base excess (SBE) and actual base excess (ABE) 
are derived by calculations 

* the important values to look at are the: PH, 
paO2, standard bicarb (SHCO3), and SBE - These 
are values that can be used to determine 
therapeutic interventions 


Buffering Systems 


Metabolic Respiratory 
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Metabolic acidosis Respiratory alkalosis 
Metabolic alkalosis Respiratory acidosis 
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Slide 11-buffering systems 

*the reason for this is that the blood gas is all 
about understanding where the patients buffering 
systems are, whether they are compensated or not 


*most patient presenting with an acute illness will 
present either with a metabolic acidosis or 
respiratory acidosis - depending on whether the 
primary pathology is in the metabolic system 
(cellular level) or pulmonary (such as a 
pneumonia) 

*compensation may occur and a respiratory 
alkalosis compensates for a metabolic acidosis 
*metabolic alkalosis attempts to compensate for 
respiratory acidosis 

*although even with buffering systems, these 
compensations are usually not comprehensive and 
complete 
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Acid Base Disorders 


Anaerobic metabolism 
Diabetic ketoacidosis 
Renal failure 
Poisoning 


Gl losses 
Drug induced 
Hypokalaemia 


Chronic lung disease 
Excess sedation 


Hyperventilation 
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Slide 12- acid base disorders 

*the acid base disorders that occur commonly are 
metabolic acidosis from anaerobic metabolism 
such as shock and trauma, DKA (endocrine 
emergencies section), renal failure (discussed 
under acute kidney injury) and certain of the 
poisonings (toxicology section) - some of these 
poisonings may be addressed by dialysis 
*metabolic alkalosis is usually is usually as a 
result of GI losses from the upper GI (classically 
seen with pyloric stenosis seen in children, but 
also with persistent gastric outlet obstruction and 
vomiting), drug induced or as a result of 
hypokalaemia 

*respiratory acidosis is primarily caused by a 
problem in the lungs, either chronic lung disease 
leading to a chronic respiratory acidosis with 
some degree of compensation, or excess sedation 
or sedative drug such as morphine, heroine, or 
Similar drugs leading to less respiratory rates 
*Xracninatory alkalaneie ie commonly; seen in nennle 
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How to Read a Blood Gas 


Acidosis + 4 CO2 


Compensated 
Metabolic disorder 


Acidosis + N CO2 


Uncompensated 
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pH 
Acidosis Normal Alkalosis 


PaCO2 
Low Normal High 


Acidosis + T CO2 Alkalosis + 4 CO2 


Uncompensated Uncompensated 
Respiratory disorder Respiratory disorder 
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*ONLY 3 THINGS need to look at to interpret the 
blood gas: 

*firstly, the PH - need to know is it normal (7.40), 
low or high - anything below 7.40 is heading 
towards an acidosis, anything above 7.40 is 
heading towards an alkalosis 

*While normal is 7.4 however there is a range 
between 7.35 and 7.45 within which the PH is 
considered acceptable 

*secondly, paCO2 - is it low, normal or high 
*thirdly, base excess - this indicates whether or 
not there is compensation 

* if the paCO2 is low and the base excess high - 
that is a compensated reaction whereas 

* if the paCO2 is low and the base excess normal - 
Shows a lack of compensation suggesting the 
pathology is more acute 


Metabolic Acidosis 


Symptoms of 


Acidosis 


Aerobic 


Diabetic ketosis 


Renal failure 


Drug overdose 


Central 

- Headache 

- Sleepiness 

- Confusion 

- Loss of 
consciousness 

- Coma 


Muscular 
- Seizures 
- Weakness 


Intestinal 
- Diarrhea 


Respiratory 

- Shortness of 
breath 

- Coughing 


Heart 

- Arrhythmia 

- Increased 
heart rate 


Gastric 
- Nausea 
- Vomiting 


Anaerobic 


Hypoperfusion 
Hypoxia 


Slide 14-metabolic acidosis 

*metabolic acidosis is important when dealing 
with medical emergencies because patients 
present in shock 

*they may have all of the symptoms including 
headache, sleepiness, confusion, muscle 
weakness. *They may present with diarrhoea, 
SOB, cardiac arrhythmias and even nausea and 
vomiting 

*this is particularly true for those with medical 
emergencies such as DKA, renal failures and drug 
overdoses 

*In the case of those with an anaerobic metabolic 
acidosis as a result of hypoperfusion or hypoxia - 
there is usually a visible underlying pathology 
such as multiple trauma or a myocardial infarction 


“Shock a momentary pause in the act of death” 
John Collins Warren 1778 - 1856 


“... the rude unhinging of the machinery of life” 
Samuel D Gross 1805 - 1884 
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Slide 15 -2 images 

*Identifying shock and treating shock - concept of 
shock (trauma lectures) 

*but more importantly the definition thereof is 
very difficult 

*it was more than 100 years ago that these 2 
gentleman made their assessments around the 
concept of shock 

*John Collins Warren, famous surgeon of the 
1700s said shock was a momentary pause in the 
act of death and probably still the best diagnosis/ 
definition of shock is what Samuel Gross in the 
1800s called the rude unhinging of the machinery 
of life, because this is indeed what happens and 
there is so many processes going on that it is 
difficult to be more precise 

*today we know shock as being related to 
inadequate cellular perfusion leading cellular 
dysoxia which results in a metabolic acidosis as a 


The Early Concepts of Shock 


Henri LeDran (1685 — 1770) defined “choc” 


Followed a variety of decriptions 
“sudden vital depression” 
“great nervous depression” 
“final sinking of vitality” 
“choc” mistranslated as “shock” 


Riva-Rocci 1896 — sphygmomanometer 


Shock was equated with low blood pressure 


“general perturbation of the 
nerves” 


pooling of blood in splanchnic 
bed 


1920 — 1940: | BP = | blood volume 
Reversible by intravenous fluids (+ blood) 


Slide 16-the early concepts of shock 

*the early concepts around shock started with the 
incorrect English translation of the French word 
CHOC which was said by HENRI LEDRAN in the 
1600s 

*this related largely to a nervous breakdown or 
nervous depression 

*wasn't until 1896 where a guy named Riva-Rocci 
designed what we call the sphygmomanometer 
that there was an equation that low blood 
pressure, general perturbation of the nerves and 
pooling of blood as a possible definition of shock 
*prior to this, the resuscitation from shock was 
seen as blowing smoke up ones anus, from where 
the colloquial term is sometimes derived 

*it wasn't until 27º world war in the 1940s that the 
assessment was made that a low blood pressure 
was equated to a low blood volume and may be 
replaceable by replacing the lost fluids 

*it is since then that the debate has always been 
about what fluide haw mich and how qiickly it 


The Meaning and Machinery of Life 
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Slide 17- the meaning and machinery of life 
*as we have said this all comes down to 
metabolics - the most important of those 
metabolics is the production and utilisation of ATP 


*during NORMAL AEROBIC metabolism - 36 ATP 
are produced (36 is the meaning of life NOT 42) 
*But when ANAEROBIC metabolism occurs - 
production drops right down to the 2 ATP that are 
produced in the plasma because the mitochondria 
stop functioning 


Adenosine Triphosphate 


* Total ATP store = 100g 

* Production consumes 90% of cellular oxygen 
* Cell turns over 10’ molecules ATP / second Vemos 9 

* Each molecule recycled every 20 - 30 seconds ber (q 
* Average total daily turnover = 100kg of ATP ON 
* Molecular weight of ATP = 0.5kg 

* Daily turnover = 200mol = 12 x 102º molecules 


Aerobic metabolism 
» 34 ATP per mol glucose 
Total energy production = 9000 kilojoules Del 


Anaerobic metabolism 


» 2 ATP per mol glucose 
Total energy production = 530 kilojoules 


Ribose 


Slide 18-adenosine triphosphate 

*ATP - that keeps us alive 

* total body store is around 100g, however we use 
as much as a 100kg of ATP in a day which shows 
how rapidly our bodies are able to produce and 
turnover this vital molecule 

*the daily turnover is 12 x 10(25) molecules (huge 
number of molecules of ATP to produce in a day) 
*if you think then that the patient produces only 2 
ATP’s per mole of glucose when there is anaerobic 
metabolism, then you understand why patients in 
Shock are so sick - because not only are they not 
producing but already have a deficit in their cells 
and their cells are unable to function properly 
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Slide 19- World map - 12 x 10(25) molecules of 
ATP are said to be the same amount of cups of 
water in 200 pacific oceans 


Direct energy delivery improves tissue perfusion after 


resuscitated shock 
Zakaria ER, Ehringer WD, Tsakadze N, Li N, Garrison RN 
2005;138:195-203 
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Slide 20- surgery 

*what we will be able to do one day is provide ATP 
as an infusion and not have to even use blood and 
blood products [] has been much work done on it, 
but very much in its infancy 


Fluid and Electrolyte Correction 


« Fluid volume abnormalities 
«= pH: potassium : calcium : magnesium 


Acidosis > YpH: TK* : TCa** 
Alkalosis —TpH : 4K* : \Ca** 


K* and Ca** have opposite effects on musculature 
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Slide 21- Fluid and electrolyte correction 
*the first priority is always VOLUME 

*the second priority (in order) is to correct PH, 
then K+ (because when the K+ corrects the Na+ 
corrects as well), then Ca++ (for cardiac 
contractility), and finally Mg+ (to ensure that the 
K+ correction is maintained) 

*for K+ to absorbed effectively into the cell, Mg+ 
levels need to be normal 


Acute Potassium Disorders 


Renal failure Stop giving K° 


Tissue damage Ca** chloride 10ml iv 


Induce alkalosis 
> hyperventilation 


Main effects are cardiac as iv bicarbonate 
Tall T waves 
JST segments Shift K* from ECF to ICF 


> insulin/dextrose infusion 


Broad complexes = i i 
> nebulised 82 agonist 


Bradycardia and asystole 


Remove K* 
ion exchange 
dialysis 
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Slide 22- acute potassium 
disorders/hyperkalaemia 

*Most life threatening is hyperkalaemia usually 
caused by renal failure or massive tissue damage 
(seen in patients with multiple trauma/ community 
assaults) 

*firstly the primary effect is cardiac - leads to tall 
T waves, depressed ST segments, broad 
complexes progressing to bradycardia and sudden 
asystole 

*additionally, the reason for the hyperkalaemia is 
usually because there is some inadequate renal 
excretion or because there is excessive production 
from damaged cells 

*treatment 


- Stop giving K+ - make sure that electrolytes in 
the fluids given to your patient DO NOT 
contain massive amounts of K+ 

- To protect the heart, it is important to 
administer Ca++ Chloride - this blocks the 
Ca++, K+ channels and prevents the 
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Acute Potassium Disorders 


latrogenic diuresis 
Gl losses 
vomiting 


diarrhoea | l 
fistulae Correct any alkalosis 


iv potassium 
Muscle weakness Iv magnesium 
Metabolic alkalosis 
Ileus 
Flat T waves 
VST segments 
Low complexes 
Prolonged QT 
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Slide 23- Acute potassium disorders: 
Hypokalaemia 

*usually caused by us or pathologies that comes to 
us as surgeons [] iatrogenic diuresis from giving 
too much furosemide 

*or from GI losses such as vomiting, diarrhoea and 
fistulae 

*the effects are muscles weakness, metabolic 
alkalosis, flattened T waves and the rest of the 
cells that do not work 

*the risk here is a prolonged QT which puts the 
patient at risk for a torsade de pointes cardiac 
arrhythmia 

*it is important to correct the underlying alkalosis, 
administer IV potassium and if necessary 
administer IV magnesium (to ensure that the 
Potassium moves to the IC space) 

*usually more time here, hyperK+ is far more 
dannarnne than hwnnk+ althnigqh hinaK + ic far 


Acute Sodium Disorders 


Hyponatraemia Hypernatraemia 


Excessive water intake Excessive water loss 

Cardiac : renal : liver failure Diabetic ketoacidosis 
Inappropriate ADH secretion Diabetes insipidus 
latrogenic Inadequate intake 


Sweating Multiple infusions 
Fistula Bicarbonate therapy 
Cerebral salt wasting syndrome 


The vast majority of Na* problems are water problems 
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UISOIUETLS 
*there are hyponatraemic and hyponatraemic 
water disorders primarily as a result of water 
dilution of water dehydration 

*the 2 major groups that are of interest to us here 
in the trauma population are those with head 
injuries who can suffer from inappropriate ADH 
secretion, which leads to water retention with 
hyponatremia BUT volume dilution and water 
overload 

*there may also be cases of excessive water 
intake, or cardiac and renal dysfunction 

*sodium loss through sweating and fistulas may 
occur but usually not a major contributing factor 
*cerebral salt wasting syndrome - another one of 
the complications of severe head injuries is a 
cause of hyponatraemia without the water 
overload - these patients have high urine sodium 
loss as well as some water loss 

*whereas in the hypernatremia as a result of 
inappropriate ADH secretion, they have low 
sodium in the urine, and no water excretion, so 
primarily a dilutional pathology 

*hynernatremia is usually as a result of excessive 


Acute Calcium Disorders 


Ca** exists as protein bound (45%) : ionised (50%) : complexed (5%) 
The jonised fraction is the most important 


Pancreatitis 
Hypoparathroidism 
Metabolic alkalosis > |V calcium chloride 


Blood transfusion IV Calcium gluconate 3X 


Muscle irritability — tetany 
Intestinal cramp and colic 
Paraesthesia 

Seizures 


Slide 25- acute calcium disorders: 
hypocalcaemia 

*hypocalcaemia is far more common than 
hypercalcaemia, hypocalcaemia causes a lot of 
problems in circulation 

*hypercalcaemia however may be a presenting 
reason for a patient who comes in as an 
emergency 

*hypocalcaemia is usually a marker of 
inflammation, pancreatitis, hypoparathyroidism, 
metabolic alkalosis and massive blood transfusion 
- ALL are common contributors 

*massive blood transfusion with coagulopathy, 
uses up Calcium as it is the factor 5 in the clotting 
cascade 

*these patients present with muscle irritability 
and tetany, and may actually have seizures, have 
intestinal cramps and colic, and may present with 
paraesthesia of the fingers 

*administration of Calcium chloride or Calcium 
gluconate - is the treatment of choice 


Acute Calcium Disorders 


Ca** exists as protein bound (45%) : ionised (50%) : complexed (5%) 
The ionised fraction is the most important 


Metastases 
Hyperparathroidism 
Acute renal failure 


Forced diuresis with furosemide 
Induce alkalosis 

Dialysis 

Ca binding agents 

Steroids 


Weakness and lethargy Mithramycin 


Confusion — coma 
Gl effects 
Polyuria : thirst 
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*less of a problem in hospital than as a presenting 
problem to hospital 

*protein bounding exists to carry calcium in the 
blood 

*ionised fraction is important, >2.5 is 
pathologically high - usually as a result of some 
underlying metabolic disorder 

*hyperthyroidism and renal failure (endocrine 
section) 

*metastases presenting as bone dissolution with 
hypercalcaemia are also very common - may be 
one the emergencies in oncology which need to be 
aware of 

*patients present very weak and lethargic, 
sometimes confused and very similar DKA in that 
they have polyuria and are very thirsty 

*along with Na, furosemide is very effective in 
diuresing Calcium 

*administration of AGENTS such as Na 
Bicarbonate with furosemide, induces alkalosis 
and enables diuresis to occur 

*often in the acute phase dialysis is required 
*calcium binding agents such as the 


Phosphate 


Potassium phosphate if low 
May need to dialyse if high 
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Slide 27- Phosphate - DON'T EVER FORGET 
ABOUT PHOSPHATE 

*It is the forgotten ion and has a lot of roles, apart 
from ATP, in the production and contractility of 
muscles. It is a co-factor in potassium correction 
*potassium hydrogen phosphate also known as 
potassium phosphate is the DRUG OF CHOICE to 
replace if it is low 

*if there is hyperphosphatemia, it is a marker of 
inadequate renal function and may require use of 
dialysis 

*Hyperphosphatemia in re-feeding suggests this is 
a malnourished patient at risk for a re-feeding 
syndrome 


